Introduction
Hematuria and following clot retention after radiation therapy for prostate cancer suggests the presence of radiation-induced cystitis, and coexisting bladder cancer should also be considered. Here, we report a case of bladder cancer, indicated by clot retention due to gross hematuria, which occurred 11 years after radiation therapy for prostate cancer.
nor metastasis was detected in the following 11-year period. In the follow-up period, his PSA level was about 0.10 ng/dl.
The patient presented to a local outpatient clinic with the chief complaint of intermittent gross hematuria that had lasted for 2 months. Bladder irrigation was performed, and his urine became clear. However, 5 days later, he presented to our hospital complaining of gross hematuria and clot retention.
He did not have lower urinary tract symptoms, fever, nausea, chills, flank pain, or weight loss. However, lower abdominal distention was noted at this time. On physical examination, his eyes were anemic, but otherwise, the examination was unremarkable. Laboratory data showed marked anemia with a hemoglobin level of 7.1 mg/dl. Other data, including liver function tests and coagulation studies, were within normal limits. Abdominal ultrasonography showed clots in the bladder. He was immediately admitted to our hospital and taken off cilostazol. After insertion of a transurethral catheter, bladder irrigation was performed to remove the clots. Continuous bladder irrigation was then started, and 4 units of component blood transfusion were administered. The findings suggested the presence of bladder cancer and radiation cystitis or stone-related disease as a differential diagnosis. Cystoscopic examination was performed to determine the cause of the hematuria and revealed irregularity of the mucosa on the posterior wall and a papillary tumor with active bleeding on the left side of the posterior wall. MRI revealed non-muscle invasive bladder cancer ( fig. 1 ).
We performed transurethral resection of the bladder tumor (TURBT). A nodular tumor was found on the posterior wall ( fig. 2 ). The trigon, neck and two lesions in the posterior wall were reddish, which was compatible with radiation-induced cystitis. Bilateral orifices were not involved and had clear efflux of urine. There were no other notable lesions. The tumor along the posterior wall and the reddish lesion were resected and coagulated. Urine cytology was negative for bladder cancer before and after TURBT. Pathological diagnosis revealed urothelial carcinoma, G2, pTa ( fig. 3 ).
After TURBT, the patient's gross hematuria resolved. The Foley catheter was removed on postoperative day 6. The patient was discharged and cilostazol administration was resumed. He is still being followed-up and there has been no recurrence of the hematuria or bladder cancer in the 12 months since TURBT.
Discussion
Hematuria that is not explained by an obvious underlying condition is fairly common. In such patients, particularly young adult patients, the hematuria is transient and of no consequence. On the other hand, there is an appreciable risk of malignancy in older patients with hematuria, even if it is only transient. The presence of gross hematuria suggests bladder cancer, a urinary tract infection or urinary stones.
One retrospective study of 1,804 patients with macroscopic hematuria who visited an urology outpatient clinic revealed that urological cancer was found in 21.4% of the patients, of whom 18.4% had bladder cancer. Cystitis and urinary tract infection were found in 2.0% of those patients [1] .
Another retrospective study using the records of 11 patients with new-onset urothelial carcinoma who underwent EBRT reported that macroscopic hematuria was present in all 11 cases [2] .
The incidence of bladder cancer after radiation therapy for prostate cancer has been reported to be 1-3%. One previous report in patients with prostate cancer treated with radiation showed a 2-fold increased risk of bladder cancer development in addition to prostate cancer treated with radical prostatectomy, suggesting an increased risk of bladder cancer after radiation for prostate cancer. The latency period to bladder cancer development in relation to completion of radiation varied from 6 months to 7 years in a previous report [3] . Previous studies on secondary bladder cancer risk after radiation therapy for prostate cancer are summarized in table 1. Previous studies showed an increased risk for secondary cancer after radiation therapy for prostate cancer [3] [4] [5] [6] [7] . Boorjian et al. [4] analyzed the incidence of bladder cancer after various prostate cancer treatments from the CaPSURE database. The risk for secondary bladder cancer in the surgery group was approximately half that of the radiotherapy patients (HR 2.0). Moon et al. [5] reported an elevated risk for secondary bladder cancer after radiotherapy for prostate cancer and evaluated all secondary cancer sites. According to their findings, overall secondary cancer risk was increased in the patients who received EBRT as their only form of radiation therapy. On the other hand, the bladder was the only organ showing a trend of increased risk of secondary cancer after brachytherapy [5] . Liauw et al. [6] compared brachytherapy and EBRT in a study population that included 125 patients treated with seeds only and EBRT. All 11 bladder cancers occurred in the combination group, suggesting a role for EBRT in increasing the risk of secondary cancers. Huang et al. [7] compared patients treated with radiotherapy and surgery and reported that the risk of secondary malignancies became significant >5 and >10 years after radiotherapy (HR 1.86 and 4.94, respectively). Histology in these cases shows an undifferentiated malignant tumor, which does not resemble prostate adenocarcinoma. Radiation has been shown to be associated with the in vitro progression of low-grade urothelial tumors to high-grade tumors and a high rate of p38 and mitogen-activated protein kinase accumulation [8] .
On the other hand, a previous study by a group from the Mayo clinic showed that the risk of secondary cancer after radiation therapy for prostate cancer was not elevated. They included adjuvant radiotherapy in the analyses of secondary bladder cancer risk after prostate cancer treatment. The overall bladder cancer risk was not increased after radiation therapy. The authors speculated that the radiation dose received by the urinary bladder might differ in the adjuvant setting as compared to primary radiotherapy [3] .
Increased secondary cancer risk after radiation therapy is still controversial. However, these studies suggest that general practitioners should be more aware of the risk of secondary cancer after radiation therapy for prostate cancer.
For the differential diagnosis of macroscopic hematuria, radiation cystitis should also be considered. Acute or chronic radiation cystitis occurs either during or after radiation treatment. Symptoms of radiation cystitis include lower urinary tract symptoms, increased urinary frequency and urgency, and hematuria. Late radiation cystitis following radiation therapy for prostate cancer has an incidence of 18% [9] . Late radiation cystitis can develop at least 6 months to as long as 20 years after radiation treatment, with the mean latent period being 35 months [10] . The evidence base is currently limited for the various treatment methods used to prevent and/or treat radiation cystitis. Hyperbaric oxygen therapy and sodium hyaluronate are the best available evidence. Severe manifestations of the condition can result in the need for a surgical procedure, e.g. urinary diversion, with or without cystectomy [11] . Therefore, to rule out bladder cancer, cystoscopy is recommended.
Radiation for prostate cancer can be currently applied by a variety of modalities and it enables targeting of the prostate only with high doses of radiation. One study based on data from the Surveillance Epidemiology and End Results (SEER) trial shows that the risk of secondary primary cancer was lowest in the group that underwent brachytherapy and greatest in the group that underwent EBRT [12] . These results suggest a different ratio for the late onset of secondary tumors in relation to radiation therapies.
It is sometimes too difficult to differentiate secondary bladder cancer from radiation cystitis. The first reason is that the incidence of secondary bladder cancer is much lower than that of radiation cystitis (18 and 1-3%, respectively) [8] . The second reason is the limited sensitivity of urine cytology, US and CT for bladder cancer, which is 40-60, 47 and 55%, respectively [13] . The sensitivity and specificity of these examinations are limited. However, we cannot perform cystoscopy at the initial visit due to gross hematuria even though it is effective for detecting bladder tumors. Moreover, physicians sometimes have to ask an urologist to perform cystoscopy after gross hematuria has improved.
In conclusion, patients with macroscopic hematuria who had undergone radiation therapy may have radiation cystitis and/or bladder cancer. Therefore, it is recommended that urologists be consulted when treating these patients. 
